I. INTRODUCTION
Energy resource is the backbone of every state to survive, mainly related to economy [1] . To date, there are about 40 million people in Indonesia who do not enjoy electricity and some investment is hampered due to lack of electricity [2] .
As the gross domestic product has been increasing and been projected to increase fro m 2012-2025, energy sector plays an essential ro le in the develop ment of economy and energy sufficiency as part of national security. Annually, the gross domestic product grows about 7.1% in average, leading to the growth of energy which also rises as much as 4.7% per year fro m 1,079 millions in 2012 to 1,960 millions equal to oil barrel in 2025 [3] .
Since the need for energy in Indonesia rises, energy management must receive enough attention especially in terms of its provision, utilisation, and sustainable distribution. For long term enviro-friendly energy management, energy resource plan and development in Indonesia have to be supported by technology policy and innovation.
Energy crisis in Indonesia has become the main issue that absorbs the attention of Indonesian government. The permit extension of Freeport to export concentrate followed by the negotiation of Masela block and Indonesia Deepwater Develop ment (IDD) and the cancellation of Feed-in Tariff (FIT) price launch for solar energy within the period of 20 working days by the Minister of Energy and Mineral Resources (ESDM) in 2016, strongly indicate that focus and attention of the Indonesian government has shifted to oil, natural gas, and coal sectors [4] . On the contrary, fossil energy resource in Indonesia is predicted to run out in 2050 [5] .
The government is aware that energy sector is at its critical level. In the growth of renewable energy, network infrastructure in Indonesia is left behind, stops developing and is limited. Interrupted energy distribution is due to the lack of network capability to respond the need, such as blackout that causes loss for co mpanies and lack of electricity distribution in remote reg ions. One of the main factors concerning the issue is caused by the incapability of the government to focus on advanced development of technology [6] .
The government needs to accommodate new technology to improve efficiency and sustainability of energy distribution. One of the technologies that is adopted by Indonesian government is Virtual Po wer Plant (VPP), a system that integrates several resources to distribute the whole dependable supply [7] . Th is system utilises a group of different types, namely d ispatchable and nondispatchable, controllable or flexib le load (CL or FL) distributed generation (DG) systems that are centralized controlled and it includes micro CHPs, natural gas -fired reciprocating engines, small-scale wind power plants (WPP)s, photovoltaics (PVs), run-of-river hydroelectricity plants, small hydro, bio mass, back-up gensets, and energy storage systems (ESS) [8] .
This system has benefits such as the ability to deliver peak load electricity or load-fo llo wing power generation on short notice. Such a VPP can replace a conventional power plant while providing h igher efficiency and mo re flexibility. More flexibility allo ws the system to react better to fluctuations, but whose complexity requires co mp licated optimization, control, and secure communications [8] .
VPP has been proven successful to be applied in USA, Australia, Canada, and Japan. Therefore, it is expected that the government adopt this technology as measure to improve the efficiency of energy resource distribution . However, the transformat ion fro m old technology to the new one into network system of national energy through VPP certain ly brings both of its positive and negative impacts. This writing is aimed to discuss opportunities and challenges over the implementation of VPP in Indonesia to realise the development of sustainable energy.
II. CONCEPT OF VIRTUAL POWER PLANT AND ITS DEVELOPM ENT
Virtual Power Plant (VPP) is smart grid technology utilised to collect all units of power plant to be operated into a single power generator that is capable of controlling and managing electrical currents back to several units of power generator as needed. Virtual Power Plant can function well with both fossil fuel and renewable energy resource. In short, VPP works by managing and coordinating electric currents coming fro m generator, controlling power needed, and restoring it [9] .
Virtual Power Plant relies on software and smart grid. With smart grid, problems can be solved and the management can be improved to a better one. Moreover, through VPP, consumers can serve as producers for the development of econo my. Oliver et al suggest the technology of smart grid enables policy making and people have succeeded to manage the policy of sustainable energy. Furthermore, s mart energy technology, network and policy, and evaluating smart grid that enables policy makers to respond to emerging t rend in energy are the three main pillars in sustainable economic development co mmon ly known as 'trilemma' [10] . The co mparison between traditional grid and smart grid is presented in Technically, VPP consists of three main co mponents: (1) distributed energy resources; (2) energy storage systems and information; (3) Co mmun ication technology (see Figure  1 ).
MODEL OF SIMPLE VPP [11] Operational system of VPP is addressed to trade, energy balancer, and system-of-interests-based network (SoI) [12] :
VPP for trade
This system has given access to energy trade to the owner of VPP. Th is system also optimises and collects capacity of energy distribution resource and provides energy in accordance to the market need. The o wner of VPP can co llect ively p ropose to energy distributor for more optimal energy distribution.
VPP as energy balancer
This system is intended to function as energy balancer in short, middle and long term by utilising unit of available Distributed Energy Resources (DER), storage device, and controllable energy need. The
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duration needed for main control is provided in secon ds, and VPP is contributing with fast response power obtained from spinning generator, capacitor, and fast batteries. Virtual Po wer Plant is also useful in additional control, e.g. the formation of spare unit of DER for several minutes and reducing demand to more controllable power load for several hours during unstable electrical power recovery.
VPP for Network Services
Increased electrical power means the need of extending the capacity of network or cutting excessive power load or setting solution in case of system failure. Virtual Power Plant could provide network services to TSO/ DSOs to anticipate excessive power, minimise possibility of failure, and increase power quality.
III. CURRENT POLICY FRAMEWORK ON SUSTAINING ENERGY AND THE DISTRIBUTION OF ENERGY RESOURCES IN INDONESIA
The energy policy in Indonesia is enacted in Act Nu mber 30 o f 2007 on Energy, to which the guidelines regarding policy making, provision, and energy utilisation refer. The Act of energy is aimed to change paradig m of energy utilisation fro m supply side management to demand side management. To realise national energy security, the need for renewable energy becomes priority that balances the fossil energy that still serves as the main energy resource used in Indonesia. Moreover, explo ration and explo itation of energy resource should be done as part of national energy security [13] .
Indonesia still highly depends on imports of oil and other similar products. In 2015, oil import still accounted for more than 75% fro m its final consumption. This figure has experienced a rise compared to that in 2014. Higher dependency of oil import indicates the low national security in Indonesia. Therefore, Indonesia does not hold s ignificant bargaining position in terms o f fulfilling the need for sustainable and affordable domestic oil [14] .
On the other hand, while the total of renewable energy potential (EBT) which reaches more than 400 GW , the utilisation of EBT in Indonesia is still low to date, wh ich is less than 2% of the total of potential EBT. In addit ion, renewable energy production in 2015 showed negative trend, especially regard ing hydropower that saw fall in production to 7.6% or equal to 3 M BOE fro m 38 M BOE to 35 M BOE. The most marked decrease was apparent in biodiesel close to 60% in 2015 fro m nearly 4 millions KL in 2014 to about 1.6 millions KL. The decreasing production in biodiesel in 2015 was affected by the falling production of crude palm oil (CPO) as affected by El Nino [14] .
Through energy policy enacted in Presidential Decree Nu mber 79 of 2014, the government tries to keep pushing and increasing the utilisation of renewable energy and to reduce utilisation of energy with fossil fuel. By 2025, the government plans to target utilisation of energy as much as 400 MTOE and by 2050 1000 MTOE. By 2025, crude oil accounts for 25%, natural gas for 22%, coal for 31%, and ET for 23%, wh ile by 2050, oil accounts for 20%, natural gas for 24%, coal for 25%, and EBT for 31% (see diagram 1). DIAGRAM 
T HE PREDICTION AND T ARGETS OF POWER PLANTS, ENERGY AND
ELECTRICITY CONSUMPTION FROM 2016-2050 [15] In addition to energy security, even distribution of electrical availab ility in reg ions also presents a challenge for government. In 2015, the electrificat ion in the entire Indonesia accounted for about 88%, fro m only 67% in 2010. In 2019, the government pred icts the availability of electricity to grow to 97% and 99.7% in 2026. Figure 2 presents the availability of electricity in Java, reaching mo re than 90%, but the east part of Indonesia like East Nu sa Tenggara and Papua is lagged and the electrification is still below 60% [16] . The government holds the responsibility to provide the electricity especially in remote reg ions through connection to the existing networks and to develop new min i network. At present time, the government focuses on developing renewable energy resource such as solar panel that is potential to provide electricity in 7000 v illages (about 1.3 million households) in 2020 [16] . Moreover, the renewab le energy like hydropower, b ioenergy power, geothermal a. Utilisation of renewable energy fro m waterflow and waterfall, geothermal, sea wave, tidal and ocean thermal energy conversion and wind for electricity generation; b. Utilisation of solar for electricity generation and nonelectricity energy for industry, households and transportation; c. Utilisation of bio mass and waste for electricity generation and transportation; d. Utilisation of natural gas for industry, electricity generation, households and transportation, specifcally in cases that offer the highest value added; e. Utilisation of coal for electricity generation and industry; f. Utilisation of new solid and gas energy sources for electricity generation; g. Utilisation of ocean thermal energy conversion as a prototype for early-stage connection to the power grid; h. Utilisation of PV solar cells for transportation, industry, commercial buildings and households; and i. Maximising and making co mpulsory the utilisation of solar co mponents and solar power plants that are manufactured domestically
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IV. CHALLENGES AND OPPORTUNITIES OF SUSTAINING ENERGY USING VIRTUAL POWER PLANT
Procurement, utilisation, and even distribution of energy are essential aspects to run the economy in the entire Indonesia. In 2016, final energy consumption reached 751.3 millions BOE, with the following consumption composition: a) fuel oil accounted for 41.7%; (b) electricity for 19.0% (c) crude oil for 14.6%; (d) coal for 9.1%; (e) LPG for 8.1%; and the remaining is non-energy use. The consumption of electricity is projected to keep increasing annually to about 6% [17] .
In the distribution, co mmunities living in villages have not received electrical currents. Therefore, to increase the ratio of electrificat ion and even distribution of energy, the government has launched program aimed to distribute electricity to 2500 villages. It means that the government should be committed to encouraging the development of power plant fro m renewable energy through several incentive policies without having to worry about increasing electricity bill that has become a burden for the consumers [17] . Therefore, do mestic industries need to be pushed to supply the components of technology, such as VPP distributed to remote reg ions for more evenly d istributed development without overlooking the opportunities and challenges encountered in the use of VPP at national level.
A. Challenges of sustaining energy using virtual power plant
Indonesia is a state where the electricity is not evenly distributed. To date, several regions in Indonesia have not received electrical currents. In some remote areas, electrical currents are unstable and blackout can occur without warning [18] .
By 2030, the capacity of energy plant in Indonesia is projected to reach 199.3 GW. For the renewable energy capacity, the government has planned for 107 GW of energy by 2030. At present time, the government is executing project of 35,000 watts of electricity [19] . In the future, it is expected that the electricity consumption will increase by half in addition to the massively growing urbanisation, new and modern cities, and the utilisation of d igital technology. Therefore, the infrastructure used to distribute the electricity must be excellent, robust, and flexible. Demand for electrical power must be fu lfilled with stable transmission but with sustainable and eco-friendly energy. To realise the possibility, the utilisation of VPP beco mes crucial despite the following impeding factors in the utilisation of VPP in Indonesia [20] :
(a) The policy of energy management that is not technology-based.
Virtual Po wer Plant is new in energy management in Indonesia. There has not been any regulation that regulates the policy and technical structure regarding the utilisation of VPP in the distribution of renewable energy.
(b) Unavailability of infrastructure supporting VPP Since VPP is relatively new in Indonesia, the infrastructure of Information and Co mmunication Technology (ICT) in relat ion to the utilisation of VPP is not available in the country. Moreover, software to estimate the electrical power is needed to operate and distribute the VPP. With co mp lex infrastructure, the utilisation of VPP can be costly.
(c) Participation of societies in electricity procurement Social participation is the key factor in the success of the utilisation of VPP. At the mo ment, co mpanies involved in the development of small-scale electrical networks are still not able to actively part icipate in the market, as the procurement is mostly dominated by the state.
(d) Cyber security threat
Technology can be in its vulnerable position regarding cyber security threat. Due to the digitalisation and network connection all over Indonesia, the government should have extra security in case of internal and external technological threat.
B. Opportunities of Sustaining Energy Using Virtual Power Plant
The opportunity given for the development of sustainable energy management through VPP in Indonesia is considerable. The imp lementation of current energy efficiency policy applied effectively is expected to reduce 2% of energy consumption by 2025. Enforcing the existing
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policy and policy p lan that has not been executed is predicted to reduce as much as 4.5% of energy utilisation compared to the scenario with no change in policy [21] . However, there are other ways to significantly cut energy use that can be done with VPP. So me opportunities of Indonesia to use VPP are elaborated as follows:
1. The change in electrical energy consumption Technology transformation also alters the behaviour of electrical energy consumption in the future. Every consumer certain ly wishes to figure out the electrical consumption metre accurately and transparently, to have access to controlling the electricity consumption, and surely to use the electricity efficiently. People expect to be involved as prosumers (proactive consumers) who not only use the electrical power, but also produce electrical power. The investment through VPP is beneficial when it is executed early by power distributors.
Increasing renewable energy need
The project of 35,000 megawatts power p lanned by the government should involve more renewable energy to prevent fro m contributing carbon gas that could trigger g lobal warming and environ mental damage. Fossil fuel such as coal is getting rare in addit ion to the fact that it gives negative impacts to environment. Therefore, the infrastructure of electrical trans mission by using VPP is quite adaptive to renewable energy resources such as solar panel or microgrid system.
Better environmental awareness
In the future, people are getting more aware of the essence of the utilisation of eco-friendly energy resources. Transmission system and network are no longer tradit ional (power generator to consumers). Traditional cost-revenue business model that exists is no longer relevant in the future as the consumers are also able to produce energy.
More complex market
The consumers will be able to p roduce their energy through microgrid by using solar panel and wind mill. The bottom line is that the energy distribution is not on one direction fro m central power generator to consumers. More modern and smarter infrastructure is needed. Smart grid consists of interconnected components, in wh ich data referred to as problem analysis can be obtained quickly. Before the crisis takes place, issue is detected to allow anticipation.
Increasing interest of developed countries in VPP
Based on the latest research report fro m Pike Research, there is a surge of interest in the mechanism of VPP for demand response (DR). It has changed the market landscape of VPP entirely and encouraged the considerable gro wth in economic sector. The capacity of VPP rose to 65% in 2011 and 2017, fro m 55.6 g igawatts (GW) to 91.7 GW all over the world during the period. The transaction value of VPP also increased and hit 5.3 billion dollars in annual revenue in 2017 [22] . When the VPP system is applicable in Indonesia, the capacity of energy will rise and the distribution will be more even.
V. CONCLUSION
Energy is the main need in the national economic development. Nowadays, the Indonesian government is focused on developing renewable energy fo r h igher energy capacity and even distribution of energy. The utilisation of technology by means of VPP serves as an essential alternative to evenly distribute electrical power to remote regions in entire Indonesia. However, since the VPP is a new technology, there are of course challenges and opportunities. The challenges are (a) policy of energy management that is not technology-based (b) unavailab ility of supporting infrastructure for VPP; (c) part icipation of societies in the procurement of electricity; and (4) cyber security threat, while the opportunities of the implementation of VPP involves: (a) Change in the behaviour of electrical energy consumption; (b) the increase in renewab le energy; (c) better awareness of environment; (d) more co mplex market; and (e) increasing interests of developed countries in VPP.
